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1 9 41 A. A. Markov [10] $X$ (
) $F(X)(A(X))$ $F(X)$ $A(X)$
$G(X)$ $G(X)$ A. A. Markov
[11] T. Nakayama [12], S. Kakutani [8]




























1.1 ([10]) $X$ $F(X)$ $F(X)$
$\mathcal{T}$ $(F(X), \mathcal{T})$ $X$ (
$F(X)$ )
(1) $X$ $F(X)$
(2) $X$ $G$ $f$ $F(X)$
$X$ $A(X)$ (1) $G$







1.2 M. I. Graev [5] ( )
( ) A. A. Markov
( )
A. A. Markov ( ) ( 1.1)
$G(X)$
1.3 $X$ $F(X)$ $e$ $A(X)$ $0$
$F(X)$ $g$ $g=x_{1^{1}}^{\epsilon}x_{2^{2}}^{\epsilon}\cdots x_{n}^{\epsilon_{n}}$
$i\leq n$ $x_{\dot{t}}\in X,$ $\epsilon_{i}=\pm 1$
$\ell_{+}(g)=|\{i\leq n : \epsilon_{i}=1\}|$ , $\ell_{-}(g)=|\{i\leq n : \epsilon_{\dot{l}}=-1\}|$ , $\ell(g)=\ell_{+}(g)+\ell_{-}(g)$
$\ell(g)$ $g$ ( $\ell(e)=0$ ) $n\in N$
$F_{n}(X)=\{g\in F(X) : l(g)\leq n\}$ $\overline{X}=X\oplus\{e\}\oplus X^{-1}$
$\overline{X}^{n}$ (X) $i_{n}$ $i_{n}((x_{1}, x_{2}, \ldots, x_{n}))=x_{1}x_{2}\cdots x_{n}$
$A(X)$
1.4 ([1], [5])(1) $\mathcal{T}_{1}$ $G(X)$ $X$ $X$
$\mathcal{T}_{1}\leq \mathcal{T}$ $\{\mathcal{T}_{\alpha} : \alpha\in A\}$
$G(X)$ $\mathcal{T}=\sup\{\mathcal{T}_{\alpha} :\alpha\in A\}$
4(2) $i_{n}$ $X$ $G_{n}(X)$
(3) $X$ $G_{n}(X)$ $G(X)$
(1) $G(X)$ (2) $\sup\{\mathcal{T}_{\alpha}$ :
$\alpha\in A\}$ $G(X)$ $X$ $X$
(2) (3)
$X$ $\beta X$ $X$ Stone-\v{C}ech $i:Xarrow F(\beta X)$
$F(X)$ $\overline{i}$ $n\in N$
$\overline{i}^{-1}(F_{n}(\beta X))=F_{n}(X)$
(2) $F_{n}(\beta X)$ $F(\beta X)$
$F_{n}(X)$ $F(X)$ $\blacksquare$
1.5 $X$ $i$ : $Xarrow A(X)$ $i$ $F(X)$
$\phi$ $\phi$ : $F(X)arrow A(X)$
$A(X)$ $F(X)/ker\phi$
$\mathcal{U}$ $F(X)$ $\phi(\mathcal{U})$ $A(X)$
(cf. [6]) $\phi(\mathcal{U})$ $A(X)$
$\mathcal{T}_{1}$ $\mathcal{T}_{1}|_{X}$ $X$ $F(X)$
$V$ $z\in V$ $\phi(z)=x\in X$
$\phi(V)=\phi(xz^{-1}V)\supset\phi(xz^{-1}V\cap X)\ni x$
$xz^{-1}V\cap X$ $x$ $X$ $\phi(xz^{-1}V\cap X)$ $x$ $X$




1.4 (1) $\mathcal{T}_{1}$ $A(X)$ $\phi$
$\blacksquare$
5$G(X)$ $G_{0}$ $G_{0}$ $G(X)$
$G_{0}$
( 3 )
16 $G_{0}=\{g\in G(X) : \ell_{+}(g)=l_{-}(g)\}$ $G_{0}$ $G(X)$
$f$ $X$ $Z$
$x\in X$ $f(x)=1$ $\overline{f}$ $F(X)$
$F_{0}=\overline{f}^{-1}(0)$
$\blacksquare$
$G(X)$ M. I. Graev
$G(X)$ 1 $X$
1.7 ([5]) $X$ $X$ $\{x_{i} : i\in N\},$ { $y_{i}$ : $i\in$
$N\}$ $i\in N$ $x_{i}\neq$ $n\in N$
$u_{n}=2^{n}(x_{n}-y_{n})$ $u_{n}$ $A(X)$ $0$ n : $r\iota\in N$ }
$n\in N$ $f_{n}$ : $X arrow[-\frac{1}{2^{n}}, \frac{1}{2^{n}}]$
(1) $a\in\{0\}\cup\{x_{i}, y_{i} : i=1,2, \ldots, n-1\}$ $f_{n}(a)=0$ .
(2) $f_{n}(y_{n})=0$ .
(3) $f_{n}(x_{n})= \frac{\epsilon_{n}}{2^{n}’}$ $\epsilon_{n}$ $\sum_{l=1}^{n-1}(f_{i}(x_{n})-f_{i}(y_{n}))$ $fi(x_{1})$
$\pm 1$
$fi$ : $X arrow[-\frac{1}{2}, \frac{1}{2}]$ $f_{1}(0)=f1(y_{1})=0,$ $f1(x_{1})= \frac{1}{2}$
$f_{2}$ : $X arrow[-\frac{1}{2^{2}}, \frac{1}{2^{2}}]$ $f_{2}(0)=f_{2}(x_{1})=f_{2}(y_{1})=f_{2}(y_{2})=0,$ $f_{2}(x_{2})= \frac{\epsilon_{2}}{2^{2}}$ $\in 2$
$fi(x_{2})-fi(y_{2})$
$f= \sum_{n=1}^{\infty}f_{n}$ : $Xarrow R$






$\overline{f}(0)=f(0)=0$ $0$ $\{u_{n} : n\in N\}$ $\blacksquare$
1.8 ([5]) $X$ $G(X)$ 1
$G$ $H$ $\mathcal{U}$ $G$ $g$
$\{U^{*}=\{xH : x\in U\}(=UH):U\in \mathcal{U}\}$
$G/H$ $[g]$ 1.5 $A(X)$
1
$X$ $X$ $x$ $x$ $U$ $|U\backslash \{x\}|\geq\aleph_{0}$
$0$ $\{U_{n} : n\in N\}$





$\{u_{n} : n\in N\}$ $0$ 1.7 $\blacksquare$
M. I. Graev $G(X)$
$G(X)$
71.9 ([5]) $X$ $G(X)$ $U$ $G(X)$
$n\in N$ $U\cap G_{n}(X)$ $G_{n}(X)$
$X$ $i_{n}$
$\mathcal{T}_{\infty}$ $G(X)$
$U\in \mathcal{T}_{\infty}\Leftrightarrow$ $n\in N$ $i_{n}^{-1}(U\cap G_{n}(X))$ $\overline{X}^{n}$
1.9
110 $X$ $\mathcal{T}_{\infty}=\mathcal{T}$
A. V. Arhangel’ski\breve , O. G. Okunev V. G. Pestov [3]
111 ([20]) $X$
(1) $F(X)$ k-










1.13 ([18]) $G_{n}(X)$ $G(X)$ $V$ $G(X)$
$n\in N$ $V_{n}=V\cap G_{n}(X)$ $G_{n}(X)$
$\mathcal{V}=\{V\subset F(X)$ : $F_{n}(X)$
} $\mathcal{V}$ $F(X)$ $\mathcal{V}$
$V\in \mathcal{V}$ a $,$ $b\in F(X)$ $ab^{-1}\in V$ $U(a),$ $U(b)\in \mathcal{V}$
$a\in U(a),$ $b\in U(b)$ , $U(a)U(b)^{-1}\subset V$
$V\in \mathcal{V}$ a
$,$
$b\in F(X)$ $ab^{-1}\in V$ $l(\alpha),$ $l(b)\leq k$
$i\geq k$ $U_{i}(a)$ $U_{i}(b)$
(1) $a\in U_{i}(a)$ $b\in U_{i}(b)$ ,
(2) $U_{i}(a)$ $U_{i}(b)$ $F_{i}(X)$ ,
(3) $j\leq i$ $U_{j}(a)\subset U_{i}(a)$ $U_{j}(b)\subset U_{i}(b)$ ,
(4) $\overline{U_{i}(a)}\overline{U_{i}(b)}^{-1}\subset V_{2i}$ ,
(5) $\overline{U_{i}(a)}$ $\overline{U_{i}(b)}$
$V_{2k}$ $F_{2k}(X)$ $V_{2k}=V’\cap F_{2k}(X)$ $F(X)$ $V’$
$F_{k}(X)$ $F(X)$ $U_{a},$ $U_{b}$
$\overline{U_{a}}\overline{U_{b}}^{-1}\subset V’$ , $\overline{U_{a}\cap F_{k}(X)}$ $\overline{U_{b}\cap F_{k}(X)}$
$U_{k}(a)=U_{a}\cap F_{k}(X)$ $U_{k}(b)=U_{b}\cap F_{k}(X)$
$U_{k}(a)$ $U_{k}(a)$ $k$
$i=k,$ $k+1,$ $\ldots,$ $n$ $U_{i}(a)$ $U_{i}(b)$ $U_{n+1}(a)$ $U_{n+1}(b)$
$E=\overline{U_{n}(a)}(F_{2n+2}(X)1\backslash V_{2n+2})\overline{U_{n}(b)}$
9$E$ (5) $F(X)$ $e\not\in E$




$\overline{U_{e}}\overline{U_{e}}^{-1}\subset F(X)\backslash E$ , $U_{e}\cap F_{2n+1}(X)$
$U_{n+1}(a)=(U_{n}(a)U_{e})\cap F_{n+1}$ $U_{n+1}(b)=(U_{n}(b)U_{e})\cap F_{n+1}$
(1), (2) (3) (4)
(5) $u=vw\in F_{n+1}(X)$ , $v\in U_{n}(a),$ $w\in U_{e}$
























$U(a)= \bigcup_{i=k}^{\infty}U_{i}(a)$ $U(b)= \bigcup_{i=k}^{\infty}U_{i}(b)$
(1) $\sim(4)$
$U(a),$ $U(b)\in \mathcal{V}$ , $U(a)U(b)^{-1}\subset V$.
$\mathcal{V}$ $F(X)$ $\mathcal{T}_{1}$ $\mathcal{T}_{1}|_{X}$ $X$
$\mathcal{T}_{1}$ $F(X)$ $V\in \mathcal{V}$
$F(X)$ $\blacksquare$
1.14 $K$ $G(X)$ $n\in N$ $K\subset$
$G_{n}(X)$
$\overline{i}$ $i$ : $Xarrow F(\beta X)$ $F(X)$
$K$ $\overline{i}(K)$ $\overline{i}(K)$ $F_{n}(\beta X)$
$\{g_{n} : n\in N\}$ $\overline{i}(K)$
$g_{n}\in F_{k_{n}+1}(\beta X)\backslash F_{k_{\hslash}}(\beta X)$ .
11
$\{k_{n} : n\in N\}$ $N$ 1.9 $\{g_{n} : n\in N\}$




M. I. Graev “ Graev ” $G(X)$




$X$ $S(X)$ $\overline{X}$ (
) $x_{1}x_{2}\cdots x_{n}$ $F(X)$ $S(X)$
$g,$ $h\in S(X)$ $g\equiv h$ $g$ $h$
$g=h$ $g$ $h$
$g\equiv x_{1}x_{2}\cdots x_{n}\in S(X)$ $x_{i}\in\overline{X}$ $n$ $g$
$\ell(g)$ $g\in F(X)$
$X$ $d$ $d$ $\overline{X}$
$d’$
$x\in X$ $d’(x, e)=d’(x^{-1}, e)=1$ ,
$x,$ $y\in X$ $d’(x, y)=d’(x^{-1}, y^{-1})=d(x, y)$ ,
$x,$ $y\in X$ $d’(x, y^{-1})=d’(x^{-1}, y)=d’(x, e)+d’(y, e)$ .
$d’$ $F(X)$ $g,$ $h\in F(X)$






21 $g,$ $h\in F(X)$ $g’,$ $h’\in S(X)$
$g=g’,$ $h=h’$ , $\overline{d}(g, h)=\phi(g’, h’)$ .
$g,$ $h\in F(X)$ $g\equiv x_{1}x_{2}\cdots x_{m},$ $h\equiv y_{1}y_{2}\cdots y_{n}$ $g$ $h$
$x_{i},$ $y_{j}\in X\cup X^{-1}$ $g’,$ $h’\in S(X)$ $g=g’,$ $h=h’$
$(*)(g^{\prime_{/}}\equiv a_{1}a\cdot.\cdot.\cdot a_{s}\equiv Ah\equiv bb\cdot b\equiv BB^{A_{1^{1}}}B_{n-1}y_{n}^{x}B_{n}^{A_{m}}$
$a;,$ $b_{j}\in\overline{X}$ $A_{i},$ $B_{j}\in S(X)$ $A_{i}=B_{j}=e$
$(*)$ $(\begin{array}{l}a_{i}b_{i}\end{array})$ $(*)$ $x_{l}$.












$d’(x_{i}, u_{1})+d’(u_{2}, u_{1}^{-1})+\cdots+d’(u_{2n)}u_{2n-1}^{-1})+d’(u_{2n}^{-1}, e)$
$=$ $d’(x_{i}, u_{1})+d’(u_{1}, u_{2}^{-1})+\cdots+d’(u_{2n-1}, u_{2n}^{-1})+d’(u_{2n}^{-1} , e)$
$\geq$ $d’(x_{i}, e)$ ,
$d’(x_{i}, u_{1})+d’(u_{2}, u_{1}^{-1})+\cdots+d’(u_{2n-2}^{-1}, u_{2n-1})+d’(e, u_{2n-1}^{-1})$
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$=$ $d’(x_{i}, u_{1})+d’(u_{1}, u_{2}^{-1})+\cdots+d’(u_{2n-2}^{-1}, u_{2n-1})+d’(u_{2n-1}, e)$ .
$\geq$ $d’(x;, e)$
$u_{i}$ $e$ $\phi(g’, h’)$ (3)
$d’(x_{i}, u_{1})+d’(u_{2}, u_{1}^{-1})+\cdots+d’(u_{2n}, u_{2n-1}^{-1})+d’(u_{2n}^{-1}, y_{j})$
$=$ $d’(x_{i}, u_{1})+d’(u_{1}, u_{2}^{-1})+\cdots+d’(u_{2n-1}, u_{2n}^{-1})+d’(u_{2n}^{-1}, y_{j})$
$\geq$ $d’(x_{i}, y_{j})$
$u_{2i-1}$ $y_{j}$ $u_{2i}$ $y_{j^{-1}}$ $\phi(g’, h’)$
(4)
$d’(x_{i}, u_{1})+d’(u_{2}, u_{1}^{-1})+\cdots+d’(u_{2n-2}^{-1}, u_{2n-1})+d’(x_{i’}, u_{2n-1}^{-1})$
$=$ $d’(x;, u_{1})+d’(u_{1}, u_{2}^{-1})+\cdots+d’(u_{2n-2}^{-1}, u_{2n-1})+d’(u_{2n-1}, x_{i}^{-1})$
$\geq$ $d’(x_{i}, x_{i’}^{-1})$
$u_{2i-1}$ $x_{i’}^{-1}$ $u_{2i}$ $x_{i’}$ $\phi(g’, h’)$
$x_{k\text{ }}$ $y_{l}$
$x_{i}$ $x_{i’}$ ((4) ) $x_{i’}^{\vee}\llcorner$
$e$ $(\begin{array}{l}ee\end{array})$
\langle $g_{1},$ $h_{1}\in S(X)$ $g_{1}$ $h_{1}$
(1) $g_{1}=g,$ $h_{1}=h$ $\ell(g_{1})=\ell(h_{1})$
(2) $g_{1}$ $h_{1}$ $x_{i}^{\epsilon_{i}},$ $y_{j^{\epsilon_{j}}}$ , $e$ $\epsilon_{i}=\pm 1=\epsilon_{j}$
(3) $x_{i}$ $e,$ $x_{i’}^{-1}(i\neq i’)$ , $y_{j}$ $y_{j}$
$e,$ $y_{j^{\iota}}^{-1}(j\neq j’)$ , $x_{i}$
(4) $(\begin{array}{l}g_{1}h_{1}\end{array})$ $\phi(g_{1}, h_{1})$ $m+n$
(5) $\phi(g_{1}, h_{1})\leq\phi(g’, h’)$ .
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(4) (1) $\sim(5)$ $g$ $h$ $\phi$





$g,$ $h\in F(X)$ $g’,$ $h’\in S(X)$
$g=g’,$ $h=h’$ , $\overline{d}(g, h)=\phi(g’, h’)$
$g\equiv x_{1}x_{2}\cdots x_{m},$ $h\equiv y_{1}y_{2}\cdots y_{n}$ $g$ $h$ $x_{i}$ ,
$y_{j}\in X\cup X^{-1}$
$(*)(g\equiv a_{12.0_{yy^{X_{2^{2}}}}}a_{2}\cdot.\cdot.\cdot a_{s^{S}}\equiv A_{0}x_{1^{1}}A_{1^{1}}\cdot.\cdot.\cdot A_{m-1m}h^{\prime,}\equiv b_{1}bb\equiv BB\cdot B_{n-1}y_{n}^{X}B_{n}^{A_{m}}$
$a_{i)}b_{j}\in\overline{X}$ $A_{i},$ $B_{j}\in S(X)$ $A_{i}=B_{j}=e$ $g’$ $h’$
$a$ $|a|$ $a\in X$ $=a$ $a\in X^{-1}$ $|a|=a^{-1}$
$\epsilon(a)=\pm 1$ $a=|a|^{\epsilon(a)}$ 2.1
$(\begin{array}{l}g^{/}h’\end{array})$
2.2 $i_{1}\neq i_{2}\in\{1,2, \ldots, m\}$ $|x_{f1}$ I $=|x_{i_{2}}|$ $\epsilon(x_{i_{1}})\cross\epsilon(x_{i_{2}})=-1$
$|i_{1}-i_{2}|>1$
2.3 $(\begin{array}{l}g^{/}h’\end{array})$ $(\begin{array}{l}x_{i}x_{j}^{-1}\end{array})(i\neq j)$ $d’(x_{i}, x_{j}^{-1})>0$
$|i-j|>1$ $x_{k}( \min\{i, j\}<k<\max\{i, j\})$ $(\begin{array}{l}g’h’\end{array})$
$x_{k}$ $e$ $x_{l}^{-1}( \min\{i, j\}<l<\max\{i, j\})$
2.4 $(\begin{array}{l}g^{/}h’\end{array})$ $(\begin{array}{l}x_{i}y_{j}\end{array})$ $d’(x_{i}, y_{j})>0$
$x_{k}(k<i)$ $(\begin{array}{l}g^{/}h’\end{array})$ $x_{k}$ $e$
$x_{l}^{-1}(l<i, l\neq k)$ $y_{l}(l<j)$ $y_{k}(k<j),$ $x_{k}(k>i)$ ,
$y_{k}(k>j)$
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M. I. Graev [5] 2.1 $\overline{d}$ $F(X)$
(M. $I$ , Graev ) $\mathcal{T}$
A. V. $Arhange1’ ski_{1}\cdot[1]$ C. Joiner [7]
2.5 $X$ $n\in N$
$f_{n}$ $=$ $i_{n}|_{i_{n}^{-1}(F_{n}(X)\backslash F_{n-1}(X))}$
: $i_{n}^{-1}(F_{n}(X)\backslash F_{n-1}(X))arrow F_{n}(X)\backslash F_{n-1}(X)$
$g\in F_{n}(X)\backslash F_{n-1}(X)$
$g\equiv x_{1}^{\epsilon_{1}}x_{2^{2}}^{\epsilon}\cdots x_{n}^{\epsilon_{n}}$
$(x_{1}^{\epsilon_{1}}, x_{2^{2}}^{\epsilon}, \ldots, x_{n}^{\epsilon_{n}})$
$\overline{X}^{n}$
$U$ $d$ $X$ $\delta’>0$
$U_{\delta’}(x_{1}^{\epsilon_{1}})\cross U_{\delta’}(x_{2}^{\epsilon_{2}})\cross\cdots\cross U_{\delta’}(x_{n}^{\epsilon_{n}})\subset U$
U\delta ’(xi\epsilon $x_{i}^{\epsilon;}$ $\overline{X}$ 6’- $\delta>0$
$B_{\delta}(g)\cap(F_{n}(X)\backslash F_{n-1}(X))\subset f_{n}(U_{\delta}(x_{1}^{\epsilon_{1}})\cross\cdots\cross U_{\delta}(x_{n}^{\epsilon_{n}}))$ ,
$B_{\delta}(g)$ $g$ $(F(X), \overline{d})$ \delta - $\delta>0$
$2 \delta<\min(\{d’(x_{i}, x_{j}):x_{i}\neq x_{j}\}, 1, \delta’)$
$h\equiv y_{1}^{\xi_{1}}y_{2^{2}}^{\xi}\cdots y_{n}^{\xi_{n}}\in B_{\delta}(g)\cap(F_{n}(X)\backslash F_{n-1}(X))$
2.1 $g’,$ $h’\in S(X)$ $g’=g,$ $h=h’$ , $\overline{d}(g, h)=\phi(g’)h’)$
$(\begin{array}{l}g^{/}h\end{array})$ ( $d’$ $0$ ) $x_{i}^{\epsilon_{i}}$ $y_{i}^{\xi_{i}}$
6 $x_{i}^{\epsilon_{i}}$ $e$ $x_{i}^{\epsilon_{i}}$ $x_{j}^{-\epsilon_{j}}$ 6
$x_{i}=x_{j}$ $\epsilon_{i}\cross\epsilon_{j}=-1$ 22 $|i-j|>1$
$j=i+k(1\leq k\leq n-i)$ $k$ $x_{i}^{\epsilon_{i}}$ $x_{j^{j}}^{\epsilon}$
$x_{l}^{\epsilon_{l}}$ 2.3 6 $k’\in\{i+1, \ldots, j-1\}$
$x_{k^{k’}}^{\epsilon}$, $e$ $k$ $x_{i}^{\epsilon_{i}}$ $x_{j^{j}}^{\epsilon}$
$x_{l}^{\epsilon_{l}}$ 2.3 6 $k’\in\{i+1, \ldots, j-2\}$
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$x_{k^{k’}}^{\epsilon}$, $x_{k’+1^{+1}}^{-\epsilon_{k’}}$ 6 $x_{k’}=x_{k’+1}$
$\epsilon_{k’}\cross\epsilon_{k’+1}=-1$ 22 $x_{i}^{\epsilon:}$
$y_{j^{j}}^{\xi}$ 2.4 $i=j$
$\overline{d}(g, h)=\phi(g’, h’)=\sum_{i=1}^{n}d’(x_{i}^{\epsilon}:, y_{i^{\xi_{i}}})<6$
$y_{i}^{\xi_{i}}\in U_{\delta}(x_{i}^{\epsilon_{*}})$ $h\in f_{n}(U_{\delta}(x_{1^{1}}^{\epsilon})\cross\cdots\cross U_{\delta}(x_{n}^{\epsilon_{n}})$ $\blacksquare$
$A(X)$
26 $X$ $n\in N$
$f_{n}$ $=$ $i_{n}|_{i_{n}^{-1}(A_{n}(X)\backslash A_{n-1}(X))}$
: $i_{n}^{-1}(A_{n}(X)\backslash A_{n-1}(X))arrow A_{n}(X)\backslash A_{n-1}(X)$
$n!-1$




A. V. $Arhange1’ ski_{1}\cdot[1]$
28 $(X, d)$ $G(X)$ $F_{\sigma}-$
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2.7 $n\in N$ $Y_{n}=F_{n}(X)\backslash F_{n-1}(X)$
$(F_{n}(X), \overline{d}|_{F_{n}(X)})$
$Y_{n}=\bigcup_{i=1}^{\infty}Z_{(n,i)}$ ,
$Z_{(n,i)}$ $(F_{n}(X), \overline{d}|_{F_{n}(X)})$ $(F(X), \overline{d})$
$\overline{d}$





$\mathcal{U}_{n}=\{U\cap Y_{n} : U\in \mathcal{U}\}$
$(F_{n}(X), \overline{d}|_{F_{n}(X)})$ $(F(X), \overline{d})$ $\mathcal{U}_{n}$ \mbox{\boldmath $\sigma$}-
$’ \kappa_{n}=\bigcup_{i=1}^{\infty}?\{(n,i)$ $H\in\prime kt_{n}$ $U(H)\in \mathcal{U}$ $H\subset U(H)$
$n,$ $i\in N$ $(F(X), \overline{d})$
$\mathcal{W}_{(n,i)}=\{W(H) : H\in?t_{(n,i)}\}$
$H\in 7i_{(n,i)}$ $H\subset W(H)$
$H\in\gamma\{(n,i)$ $W(H)\cap Y_{n}\subset U(H)$
$\mathcal{G}_{(n,i)}=\{W(H)\cap U(H) : H\in?t_{(n,i)}\}$ $\mathcal{G}=\bigcup_{n,i=1}^{\infty}\mathcal{G}_{(n,i)}$




M. G. Tka\v{c}endo [15] $A(X)$
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$X$ $\mathcal{D}$ $X$ $d\in D$
$\overline{d}$ 2 $G(X)$ Graev
$G(X)$ T $\mathcal{T}_{1}$
$\mathcal{T}_{1}=\sup\{\mathcal{T}_{\overline{d}} : d\in \mathcal{D}\}$
$\mathcal{T}_{1}$ $G(X)$ $X$ Tychonoff $\mathcal{T}_{1}|_{X}$ $X$
1.4
$\mathcal{T}_{1}\leq \mathcal{T}$
M. G. Tka\v{c}enko [15]
3.1 ([15]) $\mathcal{V}=\{B_{(1,\overline{d})}(0):d\in D\}$ , $B_{(1,\overline{d})}(0)=\{g\in A(X):\overline{d}(g, 0)<1\}$





3.2 ([15]) $X$ $A(X)$ Weil $X$
Dieudonn\’e
V. V. $Uspenski_{1}\cdot[17]$ $X$ $G(X)$
$F(X)$
$g\in F_{0}$ ( $F_{0}$ 16 ) $g$
$(*)$ $g=g_{1}x_{1}^{\epsilon_{1}}y_{1}^{-\epsilon_{1}}g_{1}^{-1}g_{2}x_{2^{2}}^{\epsilon}y_{2}^{-\epsilon_{2}}g_{2}^{-1}\cdots g_{n}x_{n}^{\epsilon_{n}}y_{n}^{-e_{n}}g_{n}^{-1}$,
$x_{i},$ $y_{i}\in X,$ $\epsilon_{i}=\pm 1$ , $g_{i}\in F(X)$
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3.3 ([17]) $X$ $S=\{d_{g} : g\in F(X)\}\in \mathcal{D}^{F(X)}$
$g\in F_{0}$
$p_{S}(g)= \inf${ $\ovalbox{\tt\small REJECT} d_{g:}(x_{i},$ $y_{i})$ : $g$ $(*)$ },
$i=1$
(1) $p_{S}$
(2) $\{\{g:p_{S}(g)<1\} : S\in \mathcal{D}^{F(X)}\}$ $F(X)$ $e$
V. V. Uspnskil
3.4 ([17]) $X$ $Y$ $Y$
$G(X)$ $<Y>$ $<Y>$ $G(Y)$
O. V. Sipacheva [14] $G(X)$ (
) 3.4









(X, $\mathcal{U}$) $U,$ $V\in \mathcal{U}$
$U^{-1}$ $=$ $\{(x, y)\in X\cross X : (y, x)\in U\}$ ,
$UoV$ $=$ { $(x,$ $z)\in X\cross X$ : $y\in X$ $(x,$ $y)\in U$ $(y,$ $z)\in V$ }
$\triangle x=\{(x, x) : x\in X\}$ $X\cross X$ $X$
$X$ $X$
$\mathcal{U}_{X}$
3.7 $k\in N\cup\{0\}$ $p,$ $k_{1},$ $\ldots,$ $k_{p}\in N$ $\sum_{i=1}^{p}2^{-k_{*}}<2^{-k}$
(1)(X, $\mathcal{U}$ ) $\{U_{n} : n\in N\cup\{0\}\}$ $\mathcal{U}$ $n\in N\cup\{0\}$
$U_{n+1}oU_{n+1}oU_{n+1}\subset U_{n}$ $U_{k_{1}}oU_{k_{2}}o\cdots oU_{k_{p}}\subset U_{k}$
(2) $G$ $e$ $\{V_{n} : n\in N\cup\{0\}\}$ $G$ $e$
$n\in N\cup\{0\}$ $V_{n+1}\cdot V_{n+1}\cdot V_{n+1}\subset V_{n}$
$V_{k_{1}}\cdot V_{k_{2}}\cdots\cdot\cdot V_{k_{p}}\subset V_{k}$ (cf. [16])
(1) (2) (1) $P$
$n\leq p$ (1) $p+1$
$j\in\{1,2, \ldots, p+1\}$ $k_{j}=k+1$
$U_{k_{1}}\circ U_{k_{2}}o\cdots oU_{k_{P+1}}\subset U_{k+1}\circ U_{k+1}\circ U_{k+1}\subset U_{k}$
$j\in\{1,2, \ldots, p+1\}$ $k_{j}<k+1$
p\Sigma :$=1+12^{-k_{i}}<2^{-(k+1)}$
$U_{k_{1}}oU_{k_{2}}o\cdots oU_{k_{p}}\subset U_{k+1}$ ,
$U_{k_{1}}oU_{k_{2}}o\cdots oU_{k_{p+1}}\subset U_{k+1}oU_{k+1}\subset U_{k}$
$2^{-(k+1)} \leq\sum_{i=1}^{p}2^{-k_{i}}<2^{-k}$ $j\in\{2, \ldots, p\}$
$\sum_{i=1}^{j}2^{-\text{ _{}*}}<2^{-(k+1)}$ $\sum_{i=1}^{j+1}2^{-k_{i}}\geq 2^{-\text{ }1)}$
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$U_{k_{1}}oU_{k_{2}}\circ\cdots\circ U_{\text{ _{}p+1}}\subset U_{k+1}\circ U_{k_{j+1}}oU_{k+1}\subset U_{k+1}\circ U_{\text{ }+1}\circ U_{k+1}\subset U_{k}$
(1) $\blacksquare$
$\mathcal{P}=$ { $P\subset \mathcal{U}_{X}$ : $P$ }
$P=\{U_{1}, U_{2}, \ldots\}\in \mathcal{P}$
$W(P)$ $=$ $\{g=x_{1}-y_{1}+x_{2}-y_{2}+\cdots+x_{k}-y_{k}$
: $(x_{\dot{l}}, y_{i})\in U_{i},$ $i=1,2,$ $\ldots,$ $k,$ $k\in N$ },
$\mathcal{W}$ $=$ $\{W(P):P\in \mathcal{P}\}$
$n\in N$
$\mathcal{Q}_{n}(P)$ $=$ $\{Q\subset P : |Q|=n\}$ ,
$W_{n}(P)$ $=$ $\{g=x_{1}-y_{1}+x_{2}-y_{2}+\cdots+x_{n}-y_{n}$
: $(x_{j}, y_{\dot{J}})\in U_{i_{j}},$ $j=1,2,$ $\ldots,$ $n,$ $\{U_{i_{1}}, U_{\dot{\tau}_{2}}, \ldots, U_{i_{n}}\}\in \mathcal{Q}_{n}(P)\}$ ,
$\mathcal{W}_{n}$ $=$ $\{W_{n}(P):P\in \mathcal{P}\}$
3.8 $P\in \mathcal{P}$ $P$




$\mathcal{R}_{n}(P)=\{Q\subset P : |Q|\leq n\}$ .
$\triangle x$ $U\in \mathcal{U}_{X}$
$W_{n}(P)$ $=$ $\{x_{1}-y_{1}+x_{2}-y_{2}+\cdots+x_{k}-y_{k}$
: $(x_{\dot{J}}, y_{j})\in U_{i_{j}}j=1,2,$ $\ldots,$ $k,$ $\{U_{i_{1}}, U_{i_{2}}, \ldots, U_{i_{k}}\}\in \mathcal{R}_{n}(P)\}$
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3.9 $\mathcal{W}$ $A(X)$ $0$
$\mathcal{W}$ $A(X)$ $0$
(i) $V\in \mathcal{W}$ $W\in \mathcal{W}$ $W+W\subset V$
(ii) $V\in \mathcal{W}$ $W\in \mathcal{W}$ $W\subset V$
(iii) $V\in \mathcal{W}$ $g\in V$ $W\in \mathcal{W}$ $g+W\subset V$
(iv) $U,$ $V\in \mathcal{W}$ $W\in \mathcal{W}$ $W\subset U\cap V$
(v) $\{0\}=\cap \mathcal{W}$ .
$P=\{U_{1}, U_{2}, \ldots\}\in \mathcal{P}$ $g\in W(P)$ $g=x_{1}-y_{1}+x_{2}-y_{2}+\cdots+$
$x_{n}-y_{n}$ $(x_{i}, y;)\in U_{i},$ $i=1,2,$ $\ldots,$ $n$ , $P_{1}=\{A_{1}, A_{2}, \ldots\}$ ,
$P_{2}=\{B_{1}, B_{2}, \ldots\}$ P3 $=\{C_{1}, C_{2}, \ldots\}$
(1) $P_{1},$ $P_{2},$ $P_{3}\in \mathcal{P}$ ,
(2) $i\in N$ $A_{i}\subset U_{2i-1}\cap U_{2i}$ ,
(3) $i\in N$ $B_{i}\subset U_{i}$ $B_{i}=-B_{i}$ ,
(4) $i\in N$ $C_{i}\subset U_{i+n}$ .
$W(P_{1})+W(P_{1})\subset W(P),$ $-W(P_{2})\subset W(P)$ , $g+W(P_{4})\subset W(P)$
(i), (ii), (iii) (iv), (v)
$\mathcal{T}_{1}$ $\mathcal{W}$ $A(X)$ $P=$
$\{U_{1}, U_{2}, \ldots\}\in \mathcal{P}$ $x\in X$ $W(x)=\{y\in X : (y, x)\in U_{1}\}$ $u_{x}$
$X$ $X$ $W(x)$ $X$
$x\in W(x)\subset(W(P)+x)\cap X$ $\mathcal{T}_{1}|_{X}$
$X$
$\mathcal{T}_{1}$ $A(X)$ $A(X)$
$0$ $V$ $V_{0}=V$ $A(X)$ $0$
$\{V_{n} : n\in N\}$ $V_{n}+V_{n}+V_{n}\subset V_{n-1}$
$n\in N$
$U_{n}=\{(x, y)\in X\cross X : x-y\in V_{n}\}$
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$P=\{U_{1}, U_{2}, \ldots\}$ $U_{n}\in \mathcal{U}_{X}$ $P\in \mathcal{P}$







$\mathcal{T}_{1}|_{X}$ $X$ 1.4 (1) $\mathcal{T}_{1}$ $A(X)$
$\mathcal{T}_{1}$ $A(X)$ $\mathcal{W}$
$A(X)$ $0$ $\blacksquare$
3.10 $n\in N$ $\mathcal{W}_{n}$ $A_{2n}(X)$ $0$
$n\in N$ 3.9 $\mathcal{W}|_{A_{2n}(X)}=\{W(P)\cap A_{2n}(X)$ : $P\in$
$\mathcal{P}\}$ $A_{2n}(X)$ $0$ $P=\{U_{1}, U_{2}, \ldots\}\in \mathcal{P}$
$W_{n}(P)\subset W(P)\cap A_{2n}(X)$
$P\in \mathcal{P}$ $P_{1}\in \mathcal{P}$ $W(P_{1})\cap A_{2n}(X)\subset W_{n}(P)$
$P=\{U_{1}, U_{2}, \ldots\}\in \mathcal{P}$ $V_{0}=U_{1}$ { $V_{m}$ : $m\in$
$N\}\subset \mathcal{U}_{X}$
$n\in N$ $V_{m}oV_{m}oV_{m}\subset V_{m-1}\cap U_{m+1}$ .
$P_{1}=\{V_{m} : m\in N\}$
$W(P_{1})\cap A_{2n}(X)\subset W_{n}(P)$
$g\in W(P_{1})\cap A_{2n}(X)$
(1) $g=x_{1}-y_{1}+x_{2}-y_{2}+\cdots+x$ $-y_{k}$ ,
$k\in N$ $i=1,2,$ $\ldots,$ $k$ $(x_{i}, y_{i})\in V_{i}$
$A(g)$ $=$ { $x_{i}$ : $x_{i}tX(1)$ $i=1,2,$ $\ldots,$ $k$ },
$B(g)$ $=$ { $y_{i}$ : $y_{i}$ (1) $i=1,2,$ $\ldots,$ $k$ }.
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$i\neq j$ $i,$ $j\in\{1,2, \ldots, k\}$ $x_{i}=x_{j}(y_{i}=y_{j})$
$x_{i}$ $x_{j}$ ( $y_{i}$ $y_{j}$ ) $A(g)(B(g))$
$g\in A_{2n}(X)$ $|A(g)|=|B(g)|$ $|A(g)|+|B(g)|\leq 2n$
$A(g)=\{a_{1}, a_{2}, \ldots, a_{t}\}(l\leq n)$ $a_{i}\in A(g)$
$k(i, 1)\in\{1,2, \ldots, k\}$ $a_{i}=x_{k(i,1)}$ $yk(i,1)\in B(g)$
$b_{\varphi(i)}=y_{k(i,1)}$ $y_{k(i,1)}$ (1)
$k(i, 2)\in\{1, \ldots, k\}$ $y_{k(i,1)}=x_{k(i,2)}$
$k(i, 2)\neq k(i, 1)$ $yk(i,2)\in B(g)$ $b_{\varphi(i)}=y_{k(i,2)}$
$k(i, 3)\in\{1,2, \ldots, k\}$ $y_{k(i,2)}=x_{k(i,3)}$
$k(i, 3)\not\in\{k(i, 1), k(i, 2)\}$ $B(g)$
$B(g)$ $b_{\varphi(i)}$ $b_{\varphi(i)}$
$A(g)$ $\varphi$ $\{1, 2, \ldots, l\}$
$\{k(i, 1), k(i, 2), \ldots, k(i, j(i))\}\subset\{1,2, \ldots, k\},$ $i=1,2,$ $\ldots,$ $l$ ,
(2) $i=1,2,$ $\ldots,$ $\ell$ . $a_{i}=x_{(i,1)}$ $b_{\varphi(i)}=yk(l,j(i))$ ,
(3) $j=1,2,$ $\ldots,$ $j(i)-1,$ $i=1,2,$ $\ldots,$ $l\iota_{\llcorner}^{\vee}x_{\backslash }i$ $y_{k(i,j)}=x_{k(i,j+1)}$ ,
(4) $\{k(i, j) : j=1,2, \ldots, j(i), i=1,2\ldots, l\}$
(2) (3) $i=1,2,$ $\ldots,$ $\ell$
$(a_{i}, b_{\varphi(i)})\in V_{k(i,1)}oV_{k(i,2)}o$ . $oV_{k(i,\gamma(i))}$
$k(i)= \min\{k(i, 1), k(i, 2), \ldots, k(i, j(i))\}$ (4)
$\{k(1), k(2), \ldots, k(\ell)\}$ $\{1, 2, \ldots, n\}$ 3.7
(1) $P_{1}$
$i=1,2,$ $\ldots,$ $\ell$ $(a_{i}, b_{\varphi(i)})\in V_{k(i)-1}\subset U_{k(i)}$
$\varphi$ $\{1, 2, \ldots, \ell\}$
$g=a_{1}-b_{\varphi(1)}+a_{2}-b_{\varphi(2)}+\cdots+a_{l}-b_{\varphi(f)}$ .
3.8 $\{U_{k(1)}, U_{k(2)}, \ldots, U_{k(\ell)}\}\in \mathcal{R}_{n}(P)$
$g\in W_{n}(P)$ $W(P_{1})\cap A_{2n}(X)\subset W_{n}(P)$ $\blacksquare$
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$\mathcal{W}$ $X$ $n\in N$ $W\in \mathcal{W}$
$W\cap(A_{n+1}(X)\backslash A_{n}(X))\neq\emptyset$
1.5
3.11 $X$ $G(X)$ Baire
Cech
$X$ $n\in N$ $j_{n}$ : $X^{2n}(=X^{n}\cross$
$X^{n})arrow A_{2n}(X)$ $(x_{1}, x_{2}, \ldots , x_{n})$ $(y_{1}, y_{2}, \ldots, y_{n})\in X^{n}$
$j_{n}((x_{1}, x_{2}, \ldots, x_{n}), (y_{1}, y_{2}, \ldots, y_{n}))=x_{1}+x_{2}+\cdots+x_{n}-(y_{1}+y_{2}+\cdots+y_{n})$ .
3.12 $X$ $n\in N,$ $E$ $A_{2n}(X)$ $0\in\overline{E}$
$U\in \mathcal{U}_{X}$ $j_{n}^{-1}(E)\cap U^{n}\neq\emptyset$
$U^{n}=$ $\{((x_{1}, x_{2}, \ldots , x_{n}), (y_{1}, y_{2}, \ldots, y_{n}))\in X^{2n} : (x_{i}, y_{i})\in U, i=1,2, \ldots, n\}$
$U\in \mathcal{U}_{X}$ $P=\{U_{1}, U_{2}, \ldots\}\in \mathcal{P}$ $n\in N$
$U_{i}=U$ $W_{n}(P)$ $A_{2n}(X)$ $0$
$g\in W_{n}(P)\cap E$
$g=x_{1}-y_{1}+x_{2}-y_{2}+\cdots+x_{n}-y_{n}$ ,
$(x_{i}, y_{i})\in U_{i},$ $i=1,2,$ $\ldots,$ $n$ $x=((x_{1}, x_{2}, \ldots, x_{n}), (y_{1}, y_{2}, \ldots, y_{n}))$
$x\in j_{n}^{-1}(E)\cap U^{n}$
$P=\{U_{1}, U_{2}, \ldots\}\in \mathcal{P}$ $U\in \mathcal{U}$ $U\subset U_{1}\cap U_{2}\cap\cdots\cap U_{n}$
$x=((x_{1}, x_{2}, \ldots, x_{n}), (y_{1}, y_{2}, \ldots, y_{n}))\in j_{n}^{-1}(E)\cap U^{n}$
$i=1,2,$ $\ldots,$ $n$ $(x_{i}, y_{i})\in U\subset U_{i}$ $j_{n}(x)\in$
$W_{n}(P)\cap E$ 3.10 $0\in\overline{E}$ $\blacksquare$
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3.13 $X$ $E$ $A_{2}(X)$ $0\in\overline{E}$
$\overline{j_{1}^{-1}(E)}\cap\triangle x\neq\emptyset$
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